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Estimation of Setting Time of Concrete Using Rubber Hardness Meter
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The purpose of this study is to explore the possibility of estimating optimum surface finishing work time of the fresh concrete placed at
the job site by applying a surface hardness test meter(Durometer). Tests are carried out by measuring and comparing the Proctor
penetration resistance test and hardness test by Durometer. Correlations between Procter penetration test and hardness test by
Durometer were obtained. Two different types Durometer were applied to estimate setting time. Test results indicate that the
measurement of the Durometer and the test of the Proctor penetration resistance are highly correlated. When measuring the initial
setting time with Durometer, initial setting time is reached when the hardness value by the type C Durometer is reached around 42HD,
and when final setting is measured with the type D Durometer, the surface finishing work time limit and curing time can be estimated
with 10HD of Durometer.
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Fig. 1. Operating time for surface finish
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Jeim2 2 %—FOHHE HE ORAAAAZ o AE =4 3
ZZ0| SZA|ZH2 DurometerZ 0|25101 S35t gtat Proctor
AT A7 IS 0180 SHRIE H|usiH HEyE FEe=z
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Table 1. Shapes of the needle depending on durometer types

Scale value | Pressure end Probe size

(HD) pressure(N) (mm)

A Q 0~100 0.55~8.06 0.79

Type Form

Cone
SR2.5
C _U_ 0~100 0.55~8.06 | (SR: Spherical
Hemisphere Radius)
D T 0~100 0~44.5 SRO.1
Sharp

Fig. 2. Proctor penetration
resistance tester

Spring

Physical force

Fig. 3. Durometer C, D type

§ Measuring needle
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]

e

Reboundary force by measure substances

Fig. 4. Measurement of surface hardness by Durometer

Fig. 2, 32 & 2&lof ARESH Proctor XS Al&d7[2t
Durometer®@] AMRIO|M, Fig, 4= Durometer| =4 ¥2|E LIE}

H J210|CH Durometere=
4= £H0| Jtsottt

I
w,\

HX Series 19| 42
100%, 2H Z22= |
RoH, SO Hab
50, 75, 100%= A2l5tA
Me Z2x|9F 27

=ii=)
OE,

i

Q|

g
LT

JeliXl= elut 0f mE BrgEez

Series 11} 22 A|2ISICH Z, Series 1

E(Fine Particles Cement: 0|5} F
eries 2= Coal Gasification Slag(CGS

=}
s AQﬂE Al

225l= §EE|E§ Aoz AMSE TishstC)
DEE= Higt|= 1501 228 Hl=
150£25mm, B Z7|2F2 4531 5%2 5}

FLIERE o~ Ql= FCOl X[#HE2 0, 25,

ct ga“@g_@_ Eﬂ?%% EEEfEOH



rol
=
nx
rot
O
an
>
00
1

OOII
>
i
I
0x
ol
H
Jhu
ol
4%
imi

X2t Durometer C, D typeQ| ZtQIx{st
Series 2= CGSE TEMZ )\f
Hl= 50%, CGS 0%2! Plain2| &
=X 37| 45+15%2510
C}. Ol CGS= F&= L=t 286t
© 0, 25, 50, 75, 100%2 AgiAH|E soct 2
o2 23 U Br|ys, STARI Z9
HEE20ME Series 10f Y 2
Durometer C, D typeQ| HUXNEXIE SHol= A2
[m]

— O
Z32|EN M= DurometerBts EXsh= A2 S

%O OHO

o
_|H]I i
mlrE Nl
I:I_A_ ru
IH m
rr u
g R
I+ Mo
S
3 o
3 =

STl

£

> o
2

o

(o]

ol

> 2w

0_5
_Ovﬂ
go M o
T fo &
DIy
N
o
ot

on
é
hY)
o
o
Q
r

°
Rl
ool
>
o

o
8
=

Table 2. Experimental plan of series 1

Test items Variables
C:S 1:5
W/B(%) . 100
+
Mixture Target flow(mm) 150 £ 25
Target air contents(%o) 45+ 1.5

FC replacement rate

2 1
of OPC(%) 5 0, 25, 50, 75, 100

Flow
Fresh mortar 2 .
Air contents
. Proctor penetration
Experiments .
resistance tester
Setting time test 3

Durometer C type
Durometer D type

Table 3. Experimental plan of series 2

Test items Variables
W/B(%) 50
Target slump(mm) 150 £ 25
Target air contents(%) 45+ 1.5
1
Coarse
- - Crushed t
Mixture | Types of | ageregate rushed aggresate
aggregate Fi
e - CGS + Crushed sand
aggregate
CGS replacement 5 0, 25, 50, 75, 100
rate(%)
Slump
Fresh concrete 2 )
Air contents
Proctor penetration
resistance tester
Exper
xperiments Setting Mortar 3 Durometer C type
time test Durometer D type
Durometer C type
Concrete 2
Durometer D type
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Table 4. Mixture proportions of mortars

W/B FC Unit weight(kg/m’) AE
C:S

(%) (%) W OPC | FC cs | C%)

0 303 303 0 1515
25 303 227 75 1515

100 1:5 50 303 151 151 1515 | 0.001
75 303 75 227 1515
100 303 0 303 1515

Table 5. Mixture proportions of concretes

wic | cas Unit weight(kg/m’) AE | sp
%) | % | W | OPC | CG | CS | CGS |(C/%) | (C/%)
0 863 0
25 646 | 215
50 50 | 180 | 360 | 904 | 430 | 430 | 0.18 | 0.16
75 214 | 643
100 0 856

3.2 AIZ2XE

2 Aol A8t M=2= SLite]
o, OPC & DI} AHIEQ] 2| &2 Table 61 220,
CGS % 2Xe| S| HEE Table 7, Y==4E Fig. 52F 2Lk
|, CGS= AlEt 7tASH ST M LMoh= S22 A
12M0|0 YRSt 2 XI0[7} Gl At BAHE0|C

70| AF=-E Durometer= HANY| A2 0ot

LRl XS 0[Z5IAUC,

oz Jm
ol

o ro .
re o

Table 6. Physical properties of cement

Density Blaine Compressive strength(MPa)

Type 3 2
(¢fem’) | (cm7g) 3days 7days 28days

OPC 3.15 3390 24.8 393 56.9
FC 3.15 6400 35.7 519 61.3

Table 7. Physical properties of fine aggregate

. Water Passing ratio .
Density . Fineness
Type (efem’) absorption | of 0.08mm modulus
ratio(%o) sieve(%)
Crushed sand 2.67 1.57 6.82 3.56
CGS 2.70 2.26 1.07 295
Crushed stone 2.63 0.36 0.51 6.71
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Fig. 5. CGS particle size distribution according to sampling time
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Fig. 6. Mixing sequence of mortar
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Fig. 7. Mixing sequence of concrete
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Table 8. Test results for fresh mortars

FC ratio(%) | Flow(mm) Alr Setting time
contents(%) | Initial set Final set
0 150 5.5 7h 30m 11h 30m
25 140 5.9 6h 10m 10h 40m
50 145 5.6 6h 40m %h 40m
75 135 53 6h 50m %h 50m
100 130 5.4 6h 25m %h 25m

Table 9. Test results for fresh concretes

cGs S Slump Air Setting time
ratio(%) | (mm) flow | contents Initial set | Final set
(mm) (%)
0 170 260 5 11h 45m 15h 15m
25 130 225 2.5 10h 25m 13h 25m
50 140 245 1.5 %h 25m 12h 25m
75 160 295 12 9h 55m 13h 05m
100 205 315 1 10h 25m 14h 10m
“Plain

Fig. 8. Particle shape of CGS

ot UKl E30ll 2 h_—v—o'”)\-ll_ Durometer@| C type} D type
o] AEX| THQIZ HDE EY5H0| LIEHHACE
Durometer C type2 éofé. | SOSEHZE AHX|L oiZlp2
o] A==FHol A2 =12U0] Proctor USR] A2
0| Ut M2t AlgZaz ZZE7IK(Q ’U“0| kst A
O UIEHOm oF 40HD M50l gte =4 5K

UE A2 Mz

SIAE 9 FEXH0| AIZ0] H1

It SEINIS SFEI0 2

362 vol. 7, No. 4 (2019)

Proctor resistance (MPa)

Fig.

Elapsed time (hr.)

Durometer C Type (HD)

35

30 . [Final st}

25

~a—OPC 100

e FC25
21 | Ao Fcs0

—v—FC75
15F | < FC100

-t se |-

Elapsed time (hr.)

9. Penetration resistance with elapsed time depending on
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Fig. 11. Hardness by durometer C type with elapsed time
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Fig. 12. Hardness by durometer D type with elapsed time

35

.| Durometer D Typ€|......c.....

Y=2.406x+8.137 = OPC 100
(R=0.9685) e FC25

A FCH50

v FC75

< FC100

Durometer C Type

Y=0.057x+0.933
(R=0.8947)

Proctor resistance (MPa)

0 10 20 30 40 50
Durometer (HD)

Fig. 13. Relationships between proctor resistance and hardness
by durometer

S o 4 AT O 10HDO| SHRIZ Bt61 B B0 AIS
¥ 4 Qg 2oz A=E

Fig. 132 Series 19| Proctor ZUX&X|2F Durometer C type,
D type SHXIZO| HHHAE LIEIH AolCt &= =ZAZE2
Durometer C typeQ| AL ZE 7}t 40HD, ZZE D type =3}

10HD ™= Zto =2 LIEFHO] 0] ZtS ARSIEo| M50

422 232|E
Fig. 142 Series 29| CGS & =8H|E Hatd &4l
DEEI20AM ZA[ZH0] HE Proctor UK SXIE, Fi

Fig. 142 Zut=FE| AZ6t CGS X|etg Het

«Q <5
o N
S [ T

nE
b

X
=
OBt
I
>

35

—®—CGS 0
—®—CGS 25
—A— CGS 50
—v—CGS 75
—<4— CGS 100

25 -

20

Proctor resistance (MPa)

Elapsed time (hr.)

Fig. 14. Penetration resistance with elapsed time

16

10

Elapsed time (hr.)

—&— |nitial set
6 —e— Final set

4 1 1 1 1 1
0 25 50 75 100

CGS Replacement rate (%)

Fig. 15. Initial set and final set with CGS contents

x|820| 7t Za8|E0 SPAZIS 50%HKI= TS
oh 2 035 XigiEls AR Ul
Fig, 16, 172 CGS ZH2H| S3HIE Wakd SAHIIZ22E

i
O M
i
o
3
ol
T
O
)
=<
3
@
1°
I
X
>
i
r
m
=

20{M ZapAlZtoll o
A0[tt, Series 11} 20| 22 ZY2=2= Clype, 2 5F2=2=
D typeO| AIE 7t5aIR2H S
AR dgfs Hole A &9 'ﬁot'if

Fig, 182 Series 29| Z3Z|E =
20X Proctor HUXSHX|2F Durometer C, D t ypeixoilg P
HAZ LIEfH Z40|C} Durometer C type2 0.96479] =2 Alat
H42 ZZAZE EH0f 2 408 = 2] HDZFS, Durometer D type

9| Z9= 0.95049] A O 2 10HDES EEotH SZAZH T

pots| =27 20194 122 363



rol
=
nx
rot
O
an
>
00
1

50
—8—(SG O
—®— (CGS 25

40| | —A—CGS 50

=) —¥—CGS 75

z —<— CGS 100

(]

S 30t

>

-

(&)

o 20

]

(]

€

(o]

2

p=} -

210

0 1 1 1 1
0 2 4 6 14 16

Elapsed time (hr.)

Fig. 16. Hardness by durometer C type with elapsed time
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Fig. 18. Relationship between penetration resistance and
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